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Abstract 
Longer dwelling time in a port cause cost inefficiency and uncertainty in ship scheduling. Due to higher port charge, unnecessary queue in a port 
should be avoided since it will reduce ship utilization and increase operation cost. In the context of industrial shipping, the lateness of a trip of a 
ship may also cause inventory stock out in the destination ports. These risks will be disadvantages for the supplier since he is  also responsible to 
manage the inventory of commodity in the depot of buyers. The supplier will be charged penalty cost for the lateness under the agreement of Vendor 
Managed Inventory (VMI). The model which combines transportation and inventory decisions in literature is called Inventory Routing Problem 
(IRP). In this research, we modify the basic model of IRP for ship scheduling to include some decisions dynamically made to response the 
information of dwelling time received during the journey: speed of ships and rerouting. We called the proposed model Dynamic-Inventory Ship 
Routing Problem (D-ISRP). We develop a mixed-integer non-linear program (MINLP) to solve this problem. The objective is to minimize the total 
cost while avoiding the inventory stock out. The total cost consists of sail bunker consumption cost, port bunker consumption cost, ship operational 
cost, port charge, loading/unloading cost, and penalty cost for late delivery. Since the proposed model is an NP-hard problem thus a heuristic model 
is preferred. Specifically, we design a new efficient heuristic algorithm based on the model of interaction theory. The algorithm determines the ship 
schedule based on the interaction coefficient of ships and ports. The matrices of interaction coefficient of ships and ports is determined by 
considering the ability of ships to supply port’s demand and vice versa. In order to examine the behavior of the model, we conduct some numerical 
experiments. Our experiments concluded that the proposed algorithm has a high reliability to solve the D-ISRP problem in efficient computational 
time. We also conduct some experiments to compare between the decisions of speed reduction and rerouting in anticipating updated dwelling time 
information. 
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1. Introduction 
Maritime transportation is the backbone of global trading. UNCTAD [1] stated that in 2010, more than 80% of 
global trading were being shipped by sea. Based on the operation type, maritime transportation is divided in three, 
which are tramp shipping, industrial shipping, and liner shipping [7]. Tramp shipping is similar with taxi, they don’t 
have exact schedule and only operate tentatively from origin to destination port based on orders. Industrial shipping is 
operated by company to deliver their products. The objective function of this operation is minimizing distribution 
operational cost. Unlike the tramp and industrial shipping, liner shipping has exact schedule and will operate with or 
without freight.  
Sea line distribution has distinct characteristics that must be considered in scheduling. That distinct characteristics 
are related with ship operation type, longer sailing time, products characteristics, port characteristics, and uncertainty 
in ship operation. Uncertainties in ship operation occurs when ship sailing and docking at the port. The sailing time is 
affected by weather condition. While the port docking time is depend on port dwelling time. Dwelling time is the 
average ship waiting time which influenced by the effectiveness of port operations, port’s facility, and the amount of 
ships in ports at current time. This uncertainty is the biggest cause of the ships late-ness. ([11]; [12]) accommodate 
this problem into sailing time function which depend to speed. Based on that research it’s known that ship speed has 
impact on fuel consumption cost. 
In the advance supply chain era, many company implement vendor managed inventory (VMI) strategy in supplying 
their products to their distributor or retailer. So that it become necessary to plan the delivery schedule which also 
minimize the inventory cost. This problem is known as inventory ship routing problem (ISRP). ISRP is divided into 
two categories based on the amount of shipped products, those are ISRP-single product ([3]; [2]; [4]) and ISRP-multi 
product ([1]; [5]; [9]; [10]). Because of the problem complexity, previous research didn’t consider ports dwelling time 
and sailing time is assumed to be fixed. These assumptions cause implementation of these studies to the real problems 
requires a lot of adjustments and reduce the accuracy of the schedule. 
Hence in this research, a model for ISRP that use sailing time as a function of speed and consider ports dwelling 
time is developed. By considering those two factors, the implementation of the model will not require much adjustment 
so that the result schedule will have high accuracy. This model is called dynamic-ISRP. Solving dynamic-ISRP model 
using exact optimization will require mixed integer non-linier program that classified as NP-hard problem. NP-hard 
problem requires long computational time if being solved using exact optimization method. So that in this research, a 
heuristic method called interaction theory is also developed to solve the problem. Interaction theory is chosen as 
solution method because of the fast computational time and the high accuracy. The rest of this paper will describe 
about problem description, model an algorithm development, numerical experiment, and conclusion. 
2. Problem description 
In this research, there are several heterogeneous vessels that are used to deliver products from production ports to 
consumption ports. One port can be consumption, production ports or both of them. The location of the ports are 
spread geographically. Each ports have different dwelling time, so that the ships which arrive at a port will be served 
after waiting during the dwelling time. 
Company has to deliver multi bulk product. That’s mean complexity of problem is increasing, because the number 
of products that have to be delivered are more than one and each product has compatibility problem with another. 
Compatibility problem is condition that makes one product can’t be located nearly with another because it can bring 
explosion, toxicity, or product damage if they contaminate each other. To prevent the contamination, the company 
applies dedicated compartment role to each ship. That’s mean ship that is dedicated to deliver one product can’t be 
used to deliver different products during planning horizon.   
During the growth of supply chain era, the company also implements vendor managed inventory (VMI) role in his 
relationship with customers. VMI role forces the company to maintain inventory level in both production and 
consumption ports between minimum and maximum level. The company will be charged penalty cost if there is 
lateness in delivering. The company has to minimize the operational cost that consist of fuel cost, ship operational 
cost, port charge, and penalty cost. The mathematical model of this problem will be explained on the next section. 
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3. The model and algorithm for dynamic-inventory ship routing problem 
3.1. Notations 
Mathematical model for dynamic-inventory ship routing problem is a mixed integer non-linier program. Below are 
the notations that being used in the mathematical model. 
x Network flows variables 
ximjnv: arc flow variable, equal to 1 if the arrival at port (i,m) and (j, n) are connected directly in ship v voyage, 
otherwise the value is 0. zimv : route end indicator variable, equal to 1 if (i,m) is the last trip of ship v voyage , 
otherwise the value is 0. yim: slack variable, equal to 1 if (i,m) is not visited, otherwise the value is 0 
x Loading and unloading variables  
limvck: the amount of product k brought by ship v in compartment c when leaving port (i,m). qimvck: the amount of 
product k which is being loaded or unloaded from ship v compartment c in port (i,m) 
x Time variables 
oimvck: binary variable which equal to 1 if product k is being loaded in port (i,m) by ship v in compartment c, 
otherwise the value is 0. tEim: end of service time in port (i,m) 
x Inventory variables 
simk: stock level of product k in port i when service (i,m) is being started. sEimk: stock level of product k in port i 
when service (i,m) is being ended 
x Set for network flows 
ST: set of arrival (i,m) for i א HT and m א  Mi. HT: set of number of ports. Mi: set of arrival in port i. S0: set of 
initial position {(iv,mv) ݆ȁv א  V}. If there are more than one ship that start the voyage from the same port, then 
those ships have to depart from port sequentially with index mv, otherwise mv = 1. V: set of ship with index v. Hv: 
set of port that can be visited by ship v 
x Inventory parameters 
ISik: initial stock level of product k in port i. Rik: production and consumption rate of product k in port i. SMNik: 
minimum stock level of product k in port i. SMXik: maximum stock level of product k in port i. TSLik: Target stock 
level of product k in port i. Covik: Coverage inventory of product k in port i. T: planning horizon. 
3.2. Mathematical model 
The mathematical model of D-ISRP problem is explained below: 
Minimize 
෍ ෍ ࢉ࢈࢛࢔ כ ሺࡸ࢏࢐ כ ࢞࢏࢓࢐࢔࢜ሻ כ ࢍ࢜ሺ࢙࢖ࢋࢋࢊ࢜ሻ
ሺ࢏ǡ࢓ǡ࢐ǡ࢔ሻ࢜אࢂ









൅ ෍ ࡯࢖࢕࢚࢘࢏ כ ሺࢀࡰ࢏࢓ ൅ ࢀࡱ࢏࢓ െ ࢀ࢏࢓ሻ
ሺ࢏ǡ࢓ሻ









ൌ ૚Ǣ ׊࢜ א ࢂ (2) 
෍ ݔ௝௡௜௠௩
ሺ௝ǡ௡ሻאௌ೅
െ ෍ ݔ௜௠௝௡௩ െ
ሺ௝ǡ௡ሻאௌಿ
ݖ௜௠௩ ൌ ͲǢ ሺ࢜ǡ ࢏ǡ࢓ሻ א ࢂ ൈ ࡿࡺ (3) 
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෍ ݖ௜௠௩ ൌ ͳ
ሺ௝ǡ௡ሻאௌಿ
Ǣ ׊ݒ א ܸ (4) 
෍ ෍ ݔ௝௡௜௠௩
ሺ௝ǡ௡ሻאௌ೅௩א௏
൅ ݕ௜௠ ൌ ͳǢሺ݅ǡ݉ሻ א ܵே (5) 
  ݕ௜௠െݕ௜ሺ௠ିଵሻ ൒ ͲǢ ሺ݅ǡ݉ሻ א ܵே (6) 
ݔ௜௠௝௡௩ൣ݈௜௠௩௖௞ ൅ ܬ௝௞Ǥ ݍ௝௡௩௖௞ െ ௝݈௡௩௖௞൧ ൌ ͲǢ ܿ א ܥ௩ǡ ݒ א ܸ݀ܽ݊ሺ݅ǡ݉ǡ ݆ǡ ݊ǡ ݇ሻ א ܣ௩ ൈ ܭ (7) 
ܳ௩௖௞ ൅ ܬ௜ೡ௞Ǥ ݍ௜ೡ௠ೡ௩௖௞ െ ݈௜ೡ௠ೡ௩௖௞ ൌ ͲǢ ܿ א ܥ௩ǡ ݒ א ܸ݀ܽ݊݇ א ܭ (8) 
ܦݓ௩௖ ൑ ݈௜௠௩௖௞ ൑ ܥܣ ௩ܲ௖ ή σ ݔ௝௡௜௠௩ሺ௝ǡ௡ሻאௌ೅  Ǣ ݒ א ܸ݀ܽ݊ሺ݇ǡ ݅ǡ݉ሻ א ܭ ൈ ܵே ; (9) 
ݍ௜௠௩௖௞ ൑ ܥܣ ௩ܲ௖ ή ݋௜௠௩௖௞ǡǢ ݒ א ܸ݀ܽ݊ሺ݇ǡ ݅ǡ݉ሻ א ܭ ൈ ்ܵ  (10) 
σ ܽݕ௜௠௩௖௞௞ఢ௄ ൑ ͳǢ ݒ א ܸǡ݀ܽ݊ሺ݇ǡ ݅ǡ ݉ሻ א ܭ௩ ൈ ்ܵ; (11) 
ܽݕ௜௠௩௖௞ ൌ  ൜
ͳǡ ݈௜௠௩௖௞ ൐ Ͳ
Ͳǡ ݈௜௠௩௖௞ ൌ Ͳ (12) 
෍݈௜௠௩௖௞
௖א஼
൑ ܶܵܮ௩௞Ǥ ෍ ݔ௝௡௜௠௩
ሺ௝ǡ௡ሻאௌ೅
 Ǣ ݒ א ܸ݀ܽ݊ሺ݇ǡ ݅ǡ݉ሻ א ܭݔܵே (13) 




Ǣ ݒ א ܸ݀ܽ݊ሺ݇ǡ ݅ǡ݉ሻ א ܭݔܵே (14) 
ݐ௜௠െݐ௜ሺ௠ିଵሻ ൒ ͲǢ ሺ݅ǡ݉ሻ א ܵே (15) 
ݐ௜௠ ൅෍෍ ෍ ܶܳ௜௞ݍ௜௠௩௖௞
௞א௄ೡ௖א௏೎௩א௏
൅ ݐா೔೘ ൌ ͲǢ ሺ݅ǡ݉ሻ א ்ܵ  (16) 
ݔ௜௠௝௡௩ ൤ݐா௜௠ ൅ ܶ ௝݀௡ ൅
௅೔ೕ
௦௣௘௘ௗ೔೘ೕ೙ೡ
െ ݐ௝௡൨ ൑ ͲǢ ݒ א ܸ݀ܽ݊׊ሺ݅ǡ݉ǡ ݆ǡ ݊ሻ א ܣ௩ǡ ܣ௩ ؔ ሼሺ݅ǡ݉ǡ ݆ǡ ݊ሻȁ݅ ് ݆ǡ ሺ݅ǡ݉ሻ߳ܵே ׫
ܵ଴௩ǡ ሺ݆ǡ ݊ሻ߳ܵே ; 
(17) 
ݐ௜௠ ൑ ܿ݋ݒ௜௞ ൅ ܮݐ௜௞  (18) 
௜ܵଵ௞ ൌ ܫ ௜ܵ௞ ൅ ܬ௜௞ܴ௜௞ݐ௜ଵǡ׊ሺ݅ǡ ݇ሻ א ܪே ൈ ܭ௜ு (19) 
௜ܵ௠௞ െ෍෍ ݆௜௞ݍ௜௠௩௖௞
௖א஼ೡ௩א௏
൅ ܬ௜௞ܴ௜௞ሺݐா௜௠ െ ݐ௜௠ሻ െ ܵா௜௠௞ ൌ ͲǢ ሺ݅ǡ݉ǡ ݇ሻ א ܪே ൈ ܭ௜ு (20) 
ܵா௜ሺ௠ିଵሻ௞ ൅ ܬ௜௞ܴ௜௞൫ݐ௜௠ െ ݐா௜ሺ௠ିଵሻ൯݌௜௠ െ ௜ܵ௠௞ ൌ ͲǢሺ݅ǡ ݉ǡ ݇ሻ א ܵே ൈ ܭ௜ு (21) 
ݐ௜௠െݐா௜ሺ௠ିଵሻ ൒ ሾ݌௜௠ െ ͳሿܶǢ ሺ݅ǡ݉ሻ א ܵே (22) 
ൣݐ௜௠െݐா௜ሺ௠ିଵሻ൧ ൑ ܶ݌௜௠Ǣ ሺ݅ǡ݉ሻ א ܵே ; (23) 
ܵெே௜௞ ൑ ݏ௜௠௞ ൑ ܵெ௑௜௞Ǣ ሺ݅ǡ݉ǡ ݇ሻ א ்ܵ ൈ ܭ௜ு (24) 
ܵெே௜௞ ൑ ݏ ௜݁௠௞ ൑ ܵெ௑௜௞Ǣ ሺ݅ǡ݉ǡ ݇ሻ א ்ܵ ൈ ܭ௜ு (25) 
ܵெே௜௞ ൑ ݏா௜௠೗ೌೞ೟௞ ൅ ܬ௜௞ܴ௜௞൫ܶ െ ݐா௜௠೗ೌೞ೟൯ ൑ ܵெ௑௜௞Ǣ ݅߳ܪ்ǡ݉௟௔௦௧߳ܯǡ ݇߳ܭ௜ு (26) 




ۖۓሺ ௜ܵ௠௞ െ ܵெே௜௞ሻ
ܴ௜௞
ǡ ܬ௜௞ ൌ ͳ
ሺܵெ௑௜௞ െ ௜ܵ௠௞ሻ
ܴ௜௞
ǡ ܬ௜௞ ൌ Ͳ
 (27) 
The objective function of this problem is minimizing total cost which consist of fuel consumption cost when sailing 
and berthing, ship operational cost, port charge, and tardiness penalty cost. While the constraints are about initial 
position constraint (2), flow conservation constraint (3), route finishing constraint (4), one time visit constraint (5), 
arrival sequene constraint (6), ship loads constraint (7), initial ship loads constraint (8), compartment capacity 
constraint (9), load/unload quantity constraint (10), homogenous product loading constraint (11), product identity 
constraint (12), ships target stock level constraint (13), minimum inventory to sail constraint (14), service time 
sequence constraint (15), service finishing time constraint (16), route & schedule compatibility constraint (17), critical 
time schedule constraint (18), initial inventory constraint (19), inventory level constraint (20), stock level constraint 
1 (21), stock level constraint 2 (22), stock level constraint 3 (23), initial service stock level bound constraint (24), 
ending service stock level bound constraint (25), ending visiting stock level bound constraint (26), stock coverage 
constraint (27). 
3.3. Interaction theory algorithm 
A heuristic algorithm is also developed as a solution technic because the developed mathematical model is a non-
linear and classified as a NP-hard problem. The developed heuristic algorithm has to be able to generate schedule in 
short computational time. In this context the speed of computational time is the key factor in determining the heuristic 
method because D-ISRP allows to change the schedule in the middle of the planning horizon caused by the information 
of dwelling time changing. So that in this research, a heuristic method based on interaction theory [6] is developed. 
The algorithm is able to generate the schedule in short computational time and a good result in approaching optimal. 
The algorithm is divided in 2 part, which are initiation route algorithm and rerouting algorithm. Rerouting 
algorithm consists of algorithm for speed changing option and route sequence changing option. To run this algorithm, 
a VBA Excel based-scheduling program is developed. Broadly speaking, the pseudo code for the algorithm is shown 
below. 
 
//Determining critical ports 
 Calculate port’s inventory days of supply for each product 
 If inventory days of supply < planning horizon then 
  Identify as critical port 
 End if 
//Sorting critical ports 
 Sort the critical ports based on smallest inventory days of supply 
//Scheduling critical ports 
 Update ship’s initial position 
 Update shipload 
 For n=1 to number of critical ports 
  //Determining interaction coefficient 
   Calculate the weight of inventory criticality 
   Calculate the weight of ship to the demand ports 
   Calculate the weight of ship to the supply ports 
   Ship’s weight = w1*weight of ship to the demand ports + w2* weight of ships to the supply ports 
   Weighted distance matrix = distance matrix * criticality’s weight * ship’s weight 
   Calculate the interaction coefficient 
  //Ships election 
   Run the ships election algorithm 
   Calculate the shipload 
   If shipload < IV min then 
    Flag_ship_allowed_to_sail = False 
   Else 
    Flag_ship_allowed_to_sail = True 
   End if 
  //Assign ship visiting sequence 
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   If Flag_ship_allowed_to_sail = True then 
    Node to be visited = critical port 
    Evaluation of the time constraint 
    Evaluation of the load constraint 
   Else 
    Node to be visited = production port 
    Evaluation of the time constraint 
    Evaluation of the load constraint 
    Update the ship’s information 
 
    Node to be visited = critical port 
    Evaluation of the time constraint 
    Evaluation of the load constraint 
   End if 
   Update shipload data 
   Update ship visiting data 
   Update port’s inventory data 
   Update port visiting data 
 Next 
//Updating schedule on changing dwelling time 
 //Calculating changing speed option 
  Identify the affected ports 
  Increase or reduce speed until favorable 
  Calculate lateness penalty <if occurred> 
  Calculate distribution cost 
 //Calculating re-routing option 
                             Identify the affected ports 
  Update port’s criticality 
  Calculate the interaction matrix with the dwelling time factor 
  Generate new routing based on interaction matrix 
  Calculate distribution cost 
 //Choosing the best scenario 
  Compare the distribution cost of changing speed and re-routing option 
  Select option with the minimum distribution cost 
 
4. Numerical experiments 
In this experiment, dwelling time information is change during the planning horizon. Because of this changing, the 
existing schedule need to be evaluated. Table 1 shows the existing schedule. Then after 20 hours running, there is a 
new information about dwelling time, as being shown in Table 2. Based on that information, we make new alternate 
changes on schedule with changing speed and changing route visiting sequence options. Then, the alternate changes 
are evaluated by their performance. 
Table 1 Existing schedule 
Ship Route Port Activity Product Quantity Ship Inv Due Date Tivm Tevm Speed Distance Sailing Time
Kerta Dua m-1 Ampenan Loading Premium (P) 3351.17 3431.169 0 15 56.9 10 100 10
m-2 Sanggaran Unloading Premium (P) 780.5 2650.669 4.19 100.6 110.4 14 500 35.7
m-3 Bima Unloading Premium (P) 1388.859 1261.811 4.37 131.1 154.3 14 221 15.8
Andika Ass m-1 Ampenan Loading Premium (P) 840 2240 0 25 76.5 10 200 20
m-2 Badas Unloading Premium (P) 1102.702 1137.298 7.67 176.1 194.4 11 1040 94.5
Karmila m-1 Sanggaran Loading Kerosene (K) 4000 7000 6.32 58 108 10 500 50
m-2 Bima Unloading Kerosene (K) 717.1353 6282.865 6.79 135.1 147.1 10 221 22.1
m-3 Ampenan Unloading Kerosene (K) 4335.153 1947.711 7.36 171.5 225.6 10 194 19.4
 
Table 2 Change Dwelling Time Information 
Ports Dwelling Time (hours) Update Dwelling Time (hours) 
Sanggaran 8 5 
Ampenan 5 5 
Badas 5 5 
Bima 5 6 
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By using changing speed option, we get a new schedule as below: 
 
Table 3 New Schedule Based on Changing Speed Option 
Ship Route Port Activity Product Quantity Ship Inv Due Date Tivm Tevm Speed Distance Sailing Time
Kerta Dua m-1 Ampenan Loading Premium (P) 3351.17 3431.169 0 15 56.9 10 100 10
m-2 Sanggaran Unloading Premium (P) 779.9 2651.269 100.56 100.4 110.1 13 500 38.5
m-3 Bima Unloading Premium (P) 1391.6 1259.669 104.88 131.9 155.1 14 221 15.8
Andika Ass m-1 Ampenan Loading Premium (P) 840 2240 0 25 76.5 10 200 20
m-2 Badas Unloading Premium (P) 1102.702 1137.298 184.08 176.1 194.4 11 1040 94.5
Karmila m-1 Sanggaran Loading Kerosene (K) 4000 7000 151.68 62.5 112.5 8 300 37.5
m-2 Bima Unloading Kerosene (K) 717.1353 6282.865 162.96 143.1 155 9 221 24.6
m-3 Ampenan Unloading Kerosene (K) 4335.153 1947.712 176.64 173.9 228.1 14 194 13.9   
 
While the new schedule based on changing route visiting sequence option is shown below. 
 
Table 4 New schedule Based on Changing Route Sequence Option (1) 
Ship Route Port Activity Product Quantity Ship Inv Due Date Tivm Tevm Speed Distance Sailing Time
Kerta Dua m-1 Ampenan Loading Premium (P) 3351.17 3431.169 0 15 56.9 10 100 10
m-2 Bima Unloading Premium (P) 1185.54 2245.629 104.88 76.8 91.6 13 500 14.9
m-3 Sanggaran Unloading Premium (P) 810.6 1435.029 100.56 113.4 126.9 14 221 15.8
 
 
Table 5 New schedule Based on Changing Route Sequence Option (2) 
Ship Route Port Activity Product Quantity Ship Inv Due Date Tivm Tevm Speed Distance Sailing Time
Andika Ass m-1 Ampenan Loading Premium (P) 840 2240 0 25 76.5 10 200 20
m-2 Badas Unloading Premium (P) 1102.702 1137.298 184.08 176.1 194.4 11 1040 94.5
Karmila m-1 Bima Unloading Kerosene (K) 507.5 2492.5 163.2 46 54.5 10 200 20
m-2 Sanggaran Loading Kerosene (K) 4507.5 7000 151.6 79.5 135.9 11 221 20.1
m-3 Ampenan Unloading Kerosene (K) 4399.6 2600.4 176.5 176.6 231.6 14 500 35.7   
 
We can see that the two resulted schedules from speed change and route visiting sequence options still meet the 
ports due date, but total sailing time from changing speed option is lower than the second option. Furthermore, to 
conduct the sensitivity analysis, the dwelling time will be modified in varied. Firstly we start from low chang-ing into 
high changing. Based on those conditions, we can see that the performance of the new schedule from changing speed 
option is always better than schedule from changing route visiting sequence option. The sched-ule performance is 
measured by ship average speed and total sailing time. The resulted schedules are rational, because in real condition 
speed change option tends to be favored by maritime transportation service providers. The overall performance of 
schedule resulted from both options are shown in Fig. 1 and 2 below. 
 
 
Fig. 1. Average speed comparison due to the significance of changes dwelling time 
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Fig. 2 Total Sailing Time Comparison due to the Significance of Changes Dwelling Time 
5. Conclusions 
Based on the numerical experiments results we can conclude that the developed algorithm can solve the D-ISRP 
problem with the applied constraints and can solve the problem in a short computational time. Moreover, we can also 
conclude that when dwelling time doesn’t change significantly, speed change option will be better than route visiting 
sequence option. The cost for changing route sequence is high, it include the cost for changing the shipping permit, 
so if the dwelling time isn’t change significantly, the lateness cost will be smaller than the other cost occurred by 
changing route sequence. In this era, the existence of GPS system enables the management to make better decision, 
so the distribution cost can be reduced. 
Furthermore, on the next research, we can reduce the assumptions that used in this problem. Those assumptions 
are product compatibility, undedicated compartment ship, stochastic production and consumption rate, and ship 
balancing. Besides the complexity of the port can be developed by adding setup time on the loading/unloading 
activities. 
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